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FOREWORD 


This Final Report is the result oi a year-long effort on 
Monitoring and Control Requirement Definition Study for Dispersed 
Storage and Generation (DSG) conducted by the General Electric 
Company, Corporate Research and Development, for the Jet Propul- 
sion Laboratory, California Institute of Technology, and the New 
York State Energy Research and Development Authority. 

Dispersed storage and generation (DSG) is the term that char- 
acterizes the present and future dispersed, relatively small 
(<30 MW) energy systems such as those represented by solar thermal 
electric, photovoltaic, wind, fuel cell, battery, hydro, and cogen- 
eration. To maximize the effectiveness of alternative energy 
sources such as these in '■eplacing petroleum fuels for generating 
electricity and to maintain continuous reliable electrical service 
to consumers, DSGs must be integrated and cooperatively operated 
within the existing utility systems. To effect this integration 
may require the installation of extensive new communications and 
control capabilities by the utilities. This study's objective is 
to define the monitoring and control requirements for the inte- 
gration of DSGs into the utility systems. 

This final report has been prepared as five separate volumes 
which cover the following topics; 

VOLUME I - FINAL REPORT 

Monitoring and Control Requirement 

Definition Study for Dispersed Storage 
and Generation 

VOLUME II - FINAL REPORT - Appendix A 

Selected DSG Technologies and Their 
General Control Requirements 

VOLUME III - FINAL REPORT - Appendix B 

State of the Art, Trends, and Potential 
Growth of Selected DSG Technologies 

VOLUME IV - FINAL REPORT - Appendix C 

Identification from Utility Visits of 
Present and Future Approaches to Inte- 
gration of DSG into Distribution Networks 

VOLUME V - FINAL REPORT - Appendix D 

Cost-Benefit Considerations for Providing 
Dispersed Storage and Generation of Elec- 
tric Utilities 
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ABSTRACT 


A major aim of the U.S. National Energy Policy, as well 
as that of the New York State Energy Research and Development 
Authority, is to conserve energy and to shift from oil to more 
abundant domestic fuels and renewable energy sources. Dispersed 
Storage and Generation (DSG) is the term that characterizes the 
present and future dispersed, relatively small (<30 MW) energy 
systems, such as solar thermal electric, photovoltaic, wind, 
fuel cell, storage battery, hydro, and cogeneration, which can 
help achieve these national energy goals and can be dispersed 
throughout the distribution portion of an electric utility system. 

Cost benefit considerations are extremely important in ob- 
taining the acceptance of dispersed storage and generation by the 
electric utilities. These considerations may involve somewhat 
different economic analyses depending on whether the generation 
is utility, customer, or combined ownership. It will be necessary 
to get acceptance of more easily understood methods for evaluating 
the economics of DSG because much of the benefits of DSG may accrue 
in the generation and transmission portions of the utility system 
while the costs tend to be centered in the distribution portion 
of that system. 

Depending on the rating and availability of the DSG, the 
monitoring and control portion of the system may be relatively low 
in cost compared to the value of the energy supplied for DSGs in 
the 5 MW range and above and relatively high in cost compared to 
the smaller 10-50 kW units. The influence of other factors, such 
as reliability, capital costs, and other economic measures, can 
be important to utility and customer alike in judging the costs 
and benefits of DSGs. 
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Section D1 


INTRODUCTION 


D1.1 COST-AND-EENEFIT ELEMENTS 

The major interest of this study is focused on the monitoring 
and control requirements of Dispersed Storaqe and Generation (DSG) . 
However, from the results of our utility visits, it is apparent 
that the utilities ai’o deeply concerned with the economics, i.e., 
costs and benefits, of DSG. Since the benefits of DSG may accrue 
in the qeneration or transmission portions of the utility system 
while the costs tend to be centered in the distribution portion of 
the utility system, it is important that all persons concerned be 
aware of the way the costs and benefits of the whole system are 
analyzed and judqod. Hopefully, this memorandum will provide the 
basis for a better understandinq of the process of detormininq the 
system costs and benefits. 

Alternative methods exist for supplyinq the enerqy needs of 
electric utility customers. Several dispersed storaqe and qener- 
ation technoloqies are potentially available to accomplish these 
needs. The purpose of this appendix is to present the important 
cost-benefit considerations for providing DSG to electric util- 
ities at the distribution level compared with alternativ^o methods, 
including those which do not employ DSGs. 

The costs being considered cover the total costs for DPG and 
the associated initial equipment, land, construction, installation, 
services, and the subsequent operation and maintenance costs. The 
costs for acquiring the necessary capital equipment are a part of 
the total costs. These costs \i?ill of course include added costs 
for the additional equipment and services to provide dispersed 
storaqe and generation, for the added remote monitoring and control 
equipment and installation, and for the added operating and niainte- 
nance costs associated with the dispersed storage and generation. 

The benefits being considered include reduced costs for equip- 
ment, installation, services, operations, and maintenance which 
might have been planned or required but, by virtue of alternative 
methods being used, i.e., DSGs, may no longer be needed. Benefits 
also take into account the savings corresponding to reduced losses 
or reduced expenditures for energy. Benefits may bo realized froni 
reduced generation, transmission, or distribution cost. The bene- 
fit may be one- time sums because of the deferment of a particular 
investment or may be annual savings on a repetitive basis as a re- 
sult of the elimination of enerqy purchases that would be required 
each year . 
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Cost-and“bonofit elements to bo taken into account also in- 
clude the following; 

• The use of an annual fixed charge rate (FCR ) , of the 
order of 15-25%, which represents the percentage of 
the total initial cost charged each year as an annual 
cost to recover costs of the equipment, installation, fi- 
nance charges, taxes, and so forth, over the life of 

the equipment. This annual fixed charge component of 
costs should be converted to a present worth and should 
take into account the actual time in years during which 
the DSG expenses are incurred. 

• The cost of the monitoring and control equipment and 
the associated electroni 'b and the necessary software 
should be identified because the monitoring and con- 
trol requirements are the focus of this study . 

• The elimination of centralized generation and trans- 
mission equipment and services , which would otherwise 
be required if the DSG equipment were not installed, 
should be included as a benefit . DSG equipment may 

be added in smaller sizes that may more nearly compare 
with the load growth increments actually experienced. 

• The operating and maintenance costs including the cost 
of nonrenewable fuel energy which may be required to 
meet the customer ' s load . 

• The time of day and period of year when the renewable 
energy is likely to be available should be taken into 
account as part of the economic evaluation . Thus , 
solar energy in the south which is available during 
the day , when the summer peak loads occur, may have 

a greater value than solar energy in the north where 
the peak load is in the winter when the available 
solar energy is considerably reduced from the summer 
peak . 
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Section D2 


ELEMENTS IN COST-AND-BENEFIT ANALYSIS 
D2.1 INTRODUCTION 

A cost-benefit analysis is but a part of a more comprehen- 
sive iterative process that involves the performance of the over- 
all electric utility system as well as the judgment criteria for 
determining which of several possible alternative s.ystems provides 
the most satisfactory result. Figure D2. 1-1 illustrates this 
iterative design process for evaluating DSG alternatives . 



APPROACH 

CHOSEN 


Figure D2.1-1. Iterative Design Process for Evaluating 

DSG Alternatives 

The initial activity is the establishment of the criteria for 
the judgment of a DSG system which may be later modified depending 
on the final results. In addition to the criteria for judgment in 
itself, there must be a definition of the environment of the dis- 
tribution system of which the DSG is a part. This environment in- 
cludes the nature of the distribution system load growth with time 
(in years) as well as the financial environment in terms of interest 
rates, inflation rates, and other economic factors. 

Next the selection of a trial DSG is made in terms of the tech- 
nology, the size unit, its location, and other factors. Although 
an experienced system planner may acquire a good grasp of which DSG 
technologies are most suitable for specific applications, the process 
is likely to require a certain amount of trial and error. 
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After the DSG has been ehooon, appropriate communication and 
control ehoieoo must be made to complete the overall DSG ayotom 
that is to be evaluated in terms of its coots and benefits relative 
to alternative systems that are availab'’. •?. Although the preceding 
activities are not a part of the eoot-an.'* l»enefit analysis, never- 
tholoss it is not possible to proceed with tht; cost-benefit analysis 
unless the preceding steps have been carried out. 

D2.2 ELECTRIC UTILITY SYSTEM CHARACTERISTICS 

The electric utility system consists of generation, transmis- 
sion, and distribution. What is being considered here is primarily 
a change in the distribution portion by th^, addition of DSG and in 
the monitoring and control of that DSG portion. The cost-benefit 
analysis will emphasize primarily the differences in costs and ben- 
efits among alternative DSGs and more conventional generation and 
transmission means as well as alternative monitoring and control 
means of a particular DSG. 

Although dispersed generation will take place in the geographic 
area assianod to distribution , the benefits in the form of improved 
efficiency of generation and reduced losses in transmission may be 
realized in the geographic areas whore the generation and transmis- 
sion equipments are located. Added investments in equipment in the 
distribution area may b» v^ounterbal anced by changed investments for 
equipment in the distri'j .ticn, uonoration, and transmission areas. 

In short , it will be necessary to consider the various costs and 
benefits of alternative system configurations of the whole system 
and not just the distribution netv/ork. 

Depending on whether or not the electric utility system has 
distribution automation and control (DAG) , the extent of the com- 
munications, remote monitoring and control, and other elements of 
the distribution-DSG may be considerably altered. Part of the 
initial description of the electric utility system involved should 
include the extent to which DAC is present. 

D2.3 TIME FRAME FOR ECONOMIC COMPARISONS 

The nature of costs for electric utility equipment is typical 
of the costs of capital goods; namely, initial equipment costs and 
installation costs which occur at the time of installation; operating 
and maintenance costs which occur on an annual basis, and energy 
costs which may be changing with time. In order to provide a rea- 
sonably long interval of time over which the initial costs can be 
distributed, it is worthwhile to use a time period at least com- 
parable to the DSG equipment life cycle as a basis for making 
economic comparisons. For many purposes it is convenient to con- 
sider the DSG equipment on the basis of its costs to infinity with 
cyclic replacements every t years corresponding to the equipment 
life . 


D2.4 BASE CASE AND INITIAL SCENARIOS 


Each utility may bo different from the others, and the condi- 
tions of load growth, energy costs, and interest rates may vary 
with time. For certain purposes, it may be attractive to think of 
a general solution < j the DSG cost-benefit question. However, for 
the present time, much insight can be gained by analyzing a specific 
utility as a base case, and using one or more scenarios that show 
the changes in load growth, energy costs, and economic conditions. 
Doubtless, it will be necessary to study several utilities before 
a representative pattern may be apparent. 

The base case and initial scenarios will have to be considered 
for the utility without DSG and with DSG. The cost-and-benefit re- 
sults for the alternatives can then be compared. In considering 
various DSG alternatives, advantage must be taken of the local con- 
ditions which may favor one DSG over another. Availability of fa- 
vorable amounts of solar energy, wind, or water, or the availability 
of low-cost real estate near certain loads may be particularly 
beneficial . 

D2.5 ENERGY AVAILABILITY AND CAPACITY FACTORS 

Inherent in the use of certain DSGs is the fact that the tech- 
nology depends on the presence of specific conditions that either 
are not controllable or are only partially controllable by the 
utility, i.e., the sun, the wind, or water. When a DSG is part of 
an overall utility system, there must be other sources of genera- 
tion or purchased power which can be used to provide the necessary 
backup or reserve capacity. Although a particular DSG may have a 
nameplate or nominal rating of a specific value, e.g. , 1 MW, the 
available power at any particular time may range from 1 MW to 0 MW, 
depending on the availabi lity of the prime energy source. The term 
"capacity factor" is used to relate the time average available power 
rating to the nominal nameplate power rating. The manner in which 
the capacity factor is defined is of importance to the cost-and- 
benefit evaluation. 

As noted earlier, the relative timing of load demands and the 
DSG energy availability should also be evaluated in considering the 
benefits associated with a given DSG. In this evaluation it may be 
necessary to go to an hour-by-hour and day-by-day representation of 
load requirements and energy availability if this degree of detail 
is considered essential. It should be kept in mind, however, that 
there will still remain the uncertainty in the assumptions even 
though the numerical analysis may be accurate and detailed. 

D2.6 DSG SYSTEM COST COMPONENTS 

Cost components can be grouped into three major categories: 

• Equipment costs 

• Installation costs, 

• Operations and maintenance costs. 


D2-3 


BeeauGG thore ean be cxtonoivo eommunieatien and control eestrj ao- 
oociatod with the intouration of DSG into the utility netv;ork, it 
io important to reeoqnizc all the equipment items associated with 
a distribution-DSCj system as well as other items that should be 
included in the three major coot categories. 

The equipment coots cover the supplier costs of the equipment 
that is the essential DSG system as well as the supplier costs of 
other distribution-DSG system items ouch as: 

• The communication link with the Distribution Control 
Center (DCC) 

• The interface and control equipment located at the 
DCC which enables the distribution dispatcher to 
interact v^:ith the remote DSG 

• The interface and control equipment which is located 
at the DSG which interfaces the communication link 
and the DSG local control equipment 

• The system DSG power protection incorface equipment 
which enables the DSG power equipment to operate 
compatibly with the utility distribution network 

The essential DSG system should include not only the electrical 
generation means and its local control, but also the balance of plant 
as well as any necessary associated expenses (for example, the cost 
of the land and dam for a hydro DSG system) . 

Installation costs are a one-time cost and should include not 
only the hardware installation cost, but also the software instal- 
lation costs as well. The logic development and programming of the 
scheduling computer, for example, should be included in the distri- 
bution-DSG system installation costs . 

Operations and maintenance costs include not only personnel 
costs and consumable materials for operations and maintenance , but 
the enei’gy costs or losses associated with the distribution-DSG 
system. With increasing energy costs, the operations and mainte- 
nance cost category may represent a significant portion of the 
total cost . 

If storage or backup equipment is included as an added element 
to the overaii system, this element will have its own equipment, in- 
stallation, :\nd operations and maintenance cost categories to be 
taken into ac w^unt. 

An analytical expression for the present value of the cost to 
infinity for each item of equipment follows : 

Present value of total 

costs to infinity = PV{First Cost Installation + Operations 

and Maintenance } 

= {v'^IFC.) (i„„) + FC. (i„^) (%lnst) IFCRXPVF' 

j ne j nij lu 

+ (FCj) (PVF^) ( (% (O+M) ) }PV^ 
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whore single payment 

present worth factor = v” - ^^/(1+i)^ 

i = interest rate 


e = inflation rate for equipment; varies with 
equipment 

e_ = inflation rate for labor 

1j 

n = years from present to installation date 
of equipment 


FC . 
3 


i - (1+e ) 
ne e 


"nL = 


n 


n 


equipment cost (1978 dollars) for item 
of equipment 

inflation of equipment cost from 1978 to 
year n 

inflation of labor cost from 1978 to 
year n 


%Inst = installation cost as a percentage of 
equipment cost; varies with equipment 

FCR = fixad charge rate on investment costs 


PVF' 

ITi 


ra 

Z 

j = l ‘- 


1+e^ 

c 

1+i 


m = T 


e = 


present value factor for a uniform series 
of payments from year of installation, n, 
through end of equipment life, (n+m) 

equipment lifetime 

inflation of GNP 


PVF„ = 
m 


m 

r 


j = l 


l+e,. 

Xj 

T+r 


present value factor for a uniform' series 
of payments from year 1978 to year m 


((j(0+M)) = annual 0+M cost as a fraction of equipment 
cost 




present value factor for cyclic replace- 
ments every T years to infinity 


= m = equipment lifetime 

A = net discount rate = i-e. 
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D2.7 DSG SYSTEM BENEFIT COMi^ONENTS 


In considering the overall benefits of the distribution-DSG 
system, it is convenient to group the benefits into four major 
components : 

• Investment-related savings 

• Interruption-related savings 

• Customer-related savings 

• Operations and maintenance 

Investment-related savings are the result of deferring pre- 
viously planned expenditures for such items as new substations, 
new transformers, new feeders, or new generation and transmission 
facilities. With the higher cost of real estate and mortgage money, 
investment-related savings can represent a significant element of 
the benefits. 

Interruption-related savings refer to the fact that with dis- 
persed storage , generation failures at the central stations and on 
the major transmission lines can be overcome in part through the 
use of the dispersed storage and generation capacity. 

Customer-related savings represent benefits that accrue from 
fewer customer outages, less expenses to answer customer complaints, 
and so forth. 

Operations and maintenance benefits refer to manpower, material, 
and energy cost savings that may result from use of renewable re- 
sources in contrast to the purchase of fossil fuels. Unattended 
operation of DSG as contrasted with the use of manned sites would 
represent another operation and maintenance benefit. 
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Section D3 


ELECTRIC UTILITY SYSTEM CHARACTERISTICS 


D3.1 GENERATION, TRANSMISSION, AND DISTRIBUTION SYSTEM 

An electric utility system is traditionally described in terms 
of its generation, transmission, and distribution system character- 
istics as indicated schematically in Figure D3.1-1. The generation, 
transmission, and distribution structure is generally a plurality 
of generation sources and transmission lines which interconnect gen- 
eration sources tc loads, either directly through large transmis- 
sion ties or indirectly through a distribution network. 

The addition of dispersed storage and generation will in gen- 
eral require some sort of energy management system as shown in Fig- 
ure D3.1-1. In considering the costs and benefits of a particular 
electric utility system it is important to be aware of the charac- 
teristics of the electric utility system with and without dispersed 
storage and generation. For example, generation as shown in Fig- 
ure D3.1-1 by a single block actually consists of several sources 
pf generation, placed at different geographical locations, with dif- 
ferent size generating units, different thermal efficiencies, and 
therefore different costs. These multiple sources of generation 
may have different standby and startup costs and therefore different 
choices are to be made depending on each particular generator's 
characteristics. Furthermore, these generators may have different 
costs at different amounts of loading. For example, some units may 
have certain inefficiencies in valving if they are operated at one 
load level as contrasted with considerably different efficiencies 
when operated at neighboring load levels. Furthermore, an incre- 
mental amount of load which is supplied at a certain time of day 
may result in a considerably different cost than at a different 
time because more or less efficient generators may be employed. 

Regarding transmission, depending on the relative location of 
the source of power generation and the location of the load, there 
may be different amounts of losses in transmission. Thus the trans- 
mission characteristics can have a significant effect on the cost 
of the energy supplied to a load in a particular part of a given 
network . 

The distribution characteristics may also have quite a marked 
influence on the cost of supplying a given load. By use of com- 
munication and control it is possible for the Energy Management 
System and the Distribution Dispatch Center to schedule more eco- 
nomically the amount of generation which takes place at the local 
distribution level. Hence it is quite important that the charac- 
teristics of the electric utility system, for which dispersed 
storage and generation is being considered, be understood in de- 
tail in terms of performance, cost, and availability. 
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Figure D3.1-2. Automated Distribution Systems 

A trend of increasing importance to electric utility systems 
is the use of distribution automation and control (DAC) , in which 
such functions as substation control and protection, load manage- 
ment, sectionalizing switch control, and control at the user level 
are accomplished. Figure D3.1-2 shows schematically a representa- 
tive arrangement of distribution automation and control equipment 
to make up an automated distribution system (ADS) . The power sys- 
tem has substation control and protection which is connected to the 
DDC through conimunication means. Load management equipment is also 
connected to the DDC. In addition, load management, through distri- 
bution communication, is connected to a number of other control means 
at the distribution substation, feeder, and user levels. Distribu- 
tion communication could enable the DDC to be connected to dispersed 
storage and generation equipment as well. It is evident that de- 
tailed considerations of the e.xtent to which distribution automation 
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and control equipment and services may be present on the electric 
utility system should be known as one endeavors to establish the 
costs and benefits of the use of DSG. 
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Section D4 


TIME FRAME OF DSG EQUIPMENT LIFE CYCLE 
D4.1 TIME FACTORS 

Costs for electrical utility equipment have a number of time 
factors which are important. Like most capital equipment, there 
is a life cycle for commercial DSG equipment that starts v^ith its 
installation and ends at the time the equipment is removed and re- 
placed with a new version of the then current model for that equip- 
ment . It is this equipment life cycle that is important since it 
influences the time period over which the original equipment cost 
and the equipment installation cost must be spread. 

In the case of DSG electronics the equipment life may be of 
the order of 10 to ] 5 years, while for the DSG power and protection 
equipment the equipment life may more likely be from 20 to 40 years . 
Since it is necessary that the costs and benefits for alternative 
DSGs and conventional means of power generation be compared for a 
common time interval , it is frequently desirable for that con\mon 
time interval to be an infinite time period so that these differ- 
ences in equipment lives can be more properly taken into account . 

Another aspect of change that affects DSG installation is the 
influence of growth in electrical load with time . Traditionally , 
as shown in Figure D4.1-1, the electrical load demand has been as- 
sumed to grow at some fixed rate per year . The generation capacity 
was periodically xncreased to always stay ahead of the load demand. 
Depending on the amount of the load growth , and the unit size of 
the generation capacity added , the time intervals will be more or 
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Figure D4.1-1. Electrical Generation 

Capacity and Load Demand 




loss frequent. Dispersed storage and generation tends to be of 
smaller sized units and therefore the additions to generation ca- 
pacity can be made more frequently and not involve as great an 
amount of unused generation capacity after the installation of 
each now generation unit. 

Timing of the introduction of new generation capacity brings 
up the possibility of deferring certain other elements of major 
capital expenditures, not only of generation and transmission , but 
also of major capital items such as distribution substations and 
their transformers. Since the deferral of large costs can have a 
significant and tangible benefit during the time period of deferral , 
this deferral can represent a desirable form of benefit which may be 
realized with the use of DSG . Figure D4.1-2 shows how the deferral 
by a time, At, in years of an equipment installation can produce a 
net saving of investment and other costs during the At period. Since 
the deferred equipment presumably must be bought after At, and must 
be replaced indefinitely thereafter, the net saving determined by 
the deferred equipment installation appears to take place during the 
time period At. 



Figure D4.1-2. Savings Due to Deferred Capital Investment 
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Section D5 


ALTERNATIVES TO INITIAL SCENARIO 
D5.1 ALTERNATIVE SCENARIOS 

TLo initial scenario considered in this discussion of cost 
and benefits of dispersed storage and generation assumes that there 
is a certain load-growth schedule and a schedule for adding DSGs. 

The alternatives consider added generation of DSG technologies of 
specific power ratings at different locations in the original elec- 
tric utility system. The influence of these distribution changes 
on generation and/or transmission investments should also be in- 
cluded in the cost and benefit evaluations. The alternatives may 
also include a dif fe rent timing of DSG additions . 

In this case we will build our consideration of alternatives 
around an electric utility that is similar to the Niagara Mohawk 
Power Corporation, which has many different sources of generation 
at present. These generation sources include nuclear (610 MW) , 
oil (1,950 MW), coal (1,370 MW), hydro (660 MW), other utilities 
(1,890 MW), and the Power Authority of the State of New York (PASNY) 
(2 , 370 MW) , whore the generation from other utilities and PASNY is 
not a firm commitment except with prior agreement. The total of 
all the load demand amoun ted to 5,480 MW in 1978 , which is a winter 
peak load. 

It is assumed that no energy management system is being used 
at the distribution level so that there is no existing monitoring 
and control equipment going to the distribution substations at 
which the DSG will be located. 

Specific assumptions concerning alternatives are : 

• Installed MW for each distribution substation is known 
or can be estimated. 

• Distribution DSG remote monitoring and control equip- 
ment needed is known. This will permit the initial 
equipment, installation, operating, and maintenance 
costs to be determined . 

• The distribution DSG system protection equipment is 
known. 

• DSG characteristics as far as energy availability, 
capacity factor, DSG cost components, and DSG sys- 
tem benefits are generically known and will be de- 
termined in detail as part of the cost calculations. 
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Section D6 


APPLICATION OF COST-BENEFIT ANALYSIS CONSIDERATIONS 
TO NIAGARA MOHAWK COMPOSITE 

D6.1 DESCRIPTION OF NMPC COMPOSITE CHARACTERISTICS 

In order to illustrate the application of the proposed cost- 
benefit analysis to an actual utility distribution network, use 
will be made of a representative portion of NMPC's Syracuse area 
network. 

Figure D6.1-1 shows the nonautomated 13.2 kv Syracuse compos- 
ite construction diagram and schedule for the years 1978-84. The 
maximum load in 1978 for the three substations of the composite 
was approximately 50 MW. 

The three main network substations are Pine Grove, Fly Road, 
and Bridgeport, which represent, respectively, suburban, urban, 
and rural distribution substation categories. These terms are 
described in an approximate fashion as follows: 

Suburban - residential and apartment load 

Urban - mostly commercial and light industrial load 

Rural - light load and longer circuit miles in a less 

densely populated area 

Over eight years, including the six-year period represented 
in Figure D6.1-1, electrical load will grow from 3 to 5% annually 
amounting to about 20 MW. An additional 30 to 40 MVA of load on 
the three 13.2 kV substations is caused by the conversion of 4 kV 
feeders to 13.2 kV sections. Spot load additions of commercial 
shopping centers, residential growth, and industrial parks are es- 
timated to amount to another 40 MVA of load. Thus for the three 
13.2 kV substations shown, there are load additions amounting to 
almost 100 MVA. However, in terms of firm load at any one time, 
a figure of 60 MW probably represents a more reasonable number 
for the additional generation capacity that will be required. 

D6.2 DISTRIBUTION DSG SYSTEM EQUIPMENT 

Regarding the distribution DSG system equipment that is planned 
for this Syracuse area, the following are assumed to be required; 

• Suitable DSG power equipment with associated DSG control, 
protection, and switchgear equipment 

• A distribution dispatch center (DDC) with interface 
equipment capable of handling 20 DSGs 

• Communication links (probably telephone) to connect the 
DDC to each of the DSGs 

• DSG system power protection interface equipment at each DSG 
(the equipment for three DSGs is shown in Figure D6.2-1). 
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D6.3 ALTERNATIVE GENERATION COSTS WITHOUT DSGs 


In tho absence of DSGs as described in Section D6.2, the ad- 
ditional loads noted would have to be supplied by other generating 
means. As a way of determining tho cost of alternative means for 
generating tho power suppliea by tho DSG, it will bo assumed that 
there will be established prices for power generated by those al- 
ternative sources. Thus, as shown by Table D6.3-1, time of day 
and day of week when the DSG power is available to the distribu- 
tion system will establish the equivalent generation rate price 
that can bo credited to tho DSG. A further breakdown into month 
of the year as well as into a finer division of the time of the 
week can be made if this is needed and desired. Data such as 
those are generally obtainable in an actual system from economic 
dispatch information or, in tho ease of a simulated cost solution, 
from a generation production cost estimate. 

Table D6.3-1 

EQUIVALENT POWER GENERATION RATE PRICE VERSUS 
TIME WHEN POWER IS GENERATED 

Equivalent Power 
Generation Rate 

Time When Power is Generated ,Price ($/kWh) 

Weekday, daily peak P 

(8 p.m.) ^ 

Weekday, off peak p^ 

(9 p.m. -8 a.m.) ^ 

Weekend, any time 

For purposes of analysis, the time frame for the DSG equip- 
ment cost-benefit analysis should be considered to be to infinity 
with the DSG electronics having an equipment life of 15 years and 
the DSGs having appropriate life spans ranging from 10 to 40 years 

D6.4 NATURE OF POSSIBLE DSG ALTERNATIVES 

Although it is not intended that a detailed analysis be made 
here of all the possible DSG alternatives, an effort will be made 
to identify the nature of the choices that must be resolved in 
tho decision process. These choices include the following: 

• Ki nds of DSG technologies - includes such factors as 
equipment cost per kW of installed capacity, availabil- 
ity as a capacity factor, DSG MW rating, and so forth, 

• Location of DSG for each technology - depends on DSG 
characteristics including natural availability of en- 
ergy. Some DSGs can be pi' ced only at certain locations 


• gizo of DSG units - some DSG teehnologies lend thcm- 
oolvoo to small siZQf> (2 im or loss)? others to medium 
sizes (2 MW to 10 MW' ; and others to 10 MW and up. 

• Number and timi ng of DSG units ~ becauGO the monitoring 

onl''"eonWoT'’'olF^acKTi§¥^ handled ceparatoly, the 

cost of monitoring and control equipment tends to be 
proportional to the number of DSG units installed. The 
coot of the DSG equipment tends to be proportional to 
the rating of the DSG units. By installing separate 
DSG units over a longer time, the cash outflow can be 
reduced. However, more DSG U’^its will be required, and 
a greater amount of monitoring and control equipment 
will be needed. 

D6.6 DSG TECHNOLOGIES CHARACTERISTICS {ASSUMED 
REPRESENTATIVE VALUES) 

Table D6.5-1 shows assumed values for DSG cost, capacity fac- 
tor, and nominal size , which are some of the important character- 
istics for the seven DSG technologies considered. The numbers 
shown are estimated values that have been selected to illustrate 
a representative range. They are not intended to provide a basis 
for making specific selections of particular DSGs, uut rather to 
illustrate the fact that there are a number of different oharacter- 
istics and that the specific values of these characteristics may 
vary widely from DSG to DSG. 

D6.6 NMPC COMPOSITE COST-AND-BENEFIT COMPONENTS 

Referring to Figure D6.2-1 in which the several distribution 
substations are shown to have different ratings for 1978 and 1988, 
let us assume that the added DSG capacity ratings will be respec- 
tively 


A Pine Grove = 10 MVA 
A Bridgeport = 5 MVA 

A Fly Road = 5 MVA 

Because the fuel cell has the lowest energy cost shown in 
Table D6.5-1, and because the size is satisfactory, assume that 
fuel cells will be installed. The added capital cost for DSG 
equipment will be 

20 MVA X 1000 X 350 $/kVA = $7,000,000/20 MVA 

The installation costs for t le DSG are assumed to be 80% of 
the equipment costs. 

0.40 X $7,000,000 = $2,800,000 


Note; Fuel cell cost of $350/kVA assumed to include converter 
cost. 
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Table D6.5-1 

ASSUMED REPRESENTATIVE VALUES FOR DSGs 


Tf'cluioloijy 

DSG Coot 
5 Per kW 
(1978 ;■) 

ether Major 
E’l»’”(intt? Rcfjuirod 
(hut iu)t inrluded 
in i'(U’T) 

Time 

Availabil Ity 
in Pin -Unit of 
Time 

Nominal 
Ra t i n.j i n MW 

:'.olar Thermal tUeetrie; 

1 iO-J 


0. 10 

1-10 

I’hotijvol tare 

isoo-'jtno 

t’linverter 

0. 10 

0.1-0 

Wiiiii 

100.1 


0.10 

0.1-0 

Fuel Coll 

r.o 

Ctsnverit'r 

n. 

:-29 

Ftoraqe Battery 


Cuuvertei 

0.30 

2-20 

H'/filo 

ooo-io('(. 


0.90 

1-25 

• ’(jijeru't at ion ' 

f) 

(!>t -erii) 

0.3-0.80 

1-20 


For a fixed charge rate of 20%, the annual cost for DSG equip- 
ment and installation will be 


0.2 X $14,400,000 = $2 , 880 , 000/year for the fuel cell. 


With the fuel cell operating 
fixed cost of generation in terms 

$2,880,000 

20,000 kW X 0.40 x 8,760 hrs 


at a 40% capacity factor, the 
of $ per kWh is 

= 0.041 $/kWh 


The energy charge for fuel assumed as $0.03/kWh represents 
another component of the cost of the fuel cell DSG and should be 
included as part of the operating cost. 


Assuming that the remainder of the O&M costs are equal to 
5% of the equipment cost, this will amount to 


$8,000,000 X 0.05 


= 0.006 $/kWh 


20,000 kW X 0.40 x 8,760 hrs 
The total installed cost per year per kWh is therefore 


0.041 $/kWh INITIAL COST 

0.030 $/kWh ENERGY COST 

0.006 $/kWh O&M 

0.077 $/kWh TOTAL 


Consider the alternative to the DSG fuel cell to be power 
generated at the following costs; 

Weekday, daily peak, 10 hrs 0 p^ = $0.075/kWh 
Weekday, off peak, 14 hrs 0 p^^ = $0.035/kWh 
Weekend 24 hrs/^^^ = $0.030/kWh 
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Supplying power at these rates for 10 hours per day of peak week- 
day operation, 14 hours per day of off-peak, and the remainder of 
80% pf the week at the weekend rate we have the following; 

10 hrs X 5 days @ $0,075/kWh = $3.750/kW 
14 hrs X 5 days @ $0.035/kWh = $2.450/kW 
[{168) hrs X 0.8 - 120 hrs] (§ $0.03/kWh = $0.4 32 /kW 

$6.632/kW 


^ $o.049/kWh 

134.4 hrs 

Thus, it would appear that the use of fuel cells is less 
economical by $0.077/kWh - $0.049/kWh = $0.028/kWh 

For a year in which 20,000 kW are being used 8760 x 0.8 hrs, 
this amounts to an added cost of 

20,000 kW X 8,760 x 0.8 hrs x 0.028 $/kWh = $3,924,480 

If, instead of fuel cells, it were possible to use hydrogen- 
eration at $1000/kW and a 50% availability factor, the cost cal- 
culations would be modified as follows: 


20 MW means that there will be an annual capital charge of 

20,000 kW X $1000/kW x 1.8 x 0.20 = $7,200,000 

which covers the cost of equipment and installation. 

Taking into account the 0.50 availability of the hydropower, 
the cost per kWh becomes 

T h~n ~ n n " i = $0.0822/kWh 

20,000 kW X 0.5 X 8760 hrs 


There is no fuel charge, but there is an operating and main- 
tenance charge that will be assumed to be 5% of the equipment 
cost as was previously the case 


$7,200,000 X 0.05 

20,000 kW X 0.5 X 8760 


$0.0041/kWh 


The total installed cost per year per KWh is therefore 


INITIAL COST $0.0822/kWh 
ENERGY COST 0.0000 
O&M 0.0041 

TOTAL $0.0863/kWh 
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Using the same power generation costs as were used above, 
the cost of equivalent generation becomes 

10 hrs X 5 days @ $0.075/kWh = $3.750/kW 

[(168 hrs X 0.5) - 50] @ $0.035/kWh = $l.l90/kW 

$4.940/kW = $0.0591/kWh 
84 hrs 

In this case the conventional equivalent generation means 
is again less expensive than the dispersed generation by 

$0.086 3/kWh - $0.059/kWh = $0.027/kl?h 

It should be noted that for seme cases of small hydrogenera- 
tion it may be posfjible to find sites for generation where the 
dam, power plant, and location for additional generators are 
available and favorable to increased hydrocapacity. Circumstances 
such as these are described in the reports Assessment: of Hydro - 
j.‘Ower Restoration and Expansion in New York State , and Estimates 
of the Costs of Renewable Energy Technologies for New York State . t 

Cost for hydrogeneration might be as low as $500/kW. For 
low capital costs such as these, the cost of hydrogeneration may 
be less than for conventional equivalent generation means. Thus, 
it is necessary to consider each DSG installation on its own 
merits to take into account the particular benefits that may be 
associated with that installation and energy source. 

D6.7 ADDITIONAL COST ITEMS IN COST-BENEFIT EVALUATION 

The preceding section has been devoted to a comparison of 
the costs and benefits of alternative DSG technologies. The ad- 
ditional items to be considered in this section include: 

• DDC control and monitoring equipment for remote con- 
trol of several D3Gs 

• Communication equipment for transmitting commands and 
data from the DDC to each of the several DSGs and from 
each of the DSGs back to the DDC 

• DSG power protection equipment at the interface between 
DSG and the utility distribution network 


*Report No. 78-6, New York State Energy Research and Development 
Authority and the Power Authority of the State of New York, Poly- 
technic Institute of New York, Brooklyn, N.Y., August 1978. 
tUrban Systems Research and Engineering, Inc., Cambridge, Mass., 

2 July 1979. 
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Figure D6.7-1 shows how a single DDC control and monitoring 
equipment that is interconnected to a central energy management 
system can interface with many DSGs, perhaps 20 to 30, that sup- 
ply the distribution power system at various points such as at 
distribution substations or other feeder locations. Thus the 
cost of a single DDC control and monitoring equipment can be 
shared among the 20 to 30 DSGs connected tc it. Each of the DSGs 
shown on Figure D6.7-1, however, requires its own communication 
equipment, DSG interface equipment, and DSG power protection 
equipment. The DSG control and power equipment shown in Fig- 
ure D6.7-1 has already oeen costed, and its energy benefits have 
been noted as part of the consideration of alternative DSG tech- 
nologies under the analysis performed in Section D6.6. In per- 
forming this analysis the three types of equipment noted above 
were assumed to be in place, whereas in reality their cost had 
not yet been included. 

The cost of the DDC control and monitoring equipment, CddC/ 
covers the price of the interfaces, displays, information pro- 
cessors, and memory capable of handling N DSGs. Thus the pro- 
portionate equipment cost of the DDC equipment for n individual 
DSGs is 


(C ) = ^ C 

^<DSGS ^ 

There will also be installation costs covering hardware and 
software preparation that can be expressed as a per unit portion 
of the equipment cost, i.e.. 

Installation Cost = (Installp^) Equipment cost 

The total equipment and installation cost of the DDC for n 
DSGs is therefore. 


n 

N 


*^DDC 


( 1 + Install ) , 
pu ' 


and 


on an annual basis, with a fixed charge rate, FCR, this amounts to 


^ C 

N DDC 


(1 + Install ) 
pu 


FCR 


Assuming that the annual operating and maintenance costs can 
be expressed as per unit value, (0+M) of the initial equipment 
cost, then the total annual cost cr tRe DDC for n DSGs is 


With estimated values of 
= $400,000 

n/^ = 4/20, corresponding to four DSGs 
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Install pu = 0.8 

FCR =0.20 

(0&M)p^^ = 0.05, 

4/20 (S400,000) [1.8 x 0.20 + 0.05] = $32,800/yr for the pro- 

portional annual costs of DDC for four substations. 

The cost of the communication equipment will depend somewhat 
on the means for communication that are employed. For purposes 
of illustration, let us consider telephone lines as a basis for 
comparison with other communication means. For a 1200-1800 baud 
line including mileage charge, local wiring, and data set charge, 
a monthly charge of $250 per DSG would result in $12,000 per year 
for four DSGs. 

The cost of DSG power protection equipment, CosGpp/ is 
the additional relaying, breakers, and other decision making means 
that may be required for each DSG power equipment with remote con- 
trol of the DSG/distribution system interface over the relays, 
power switching, and breakers, and so forth, that would be needed 
without the remote control. There may be some equipment of this 
sort at each DSG. 

Using the initial equipment cost for power protection, one 
can add one-time installation costs and annual operating and main- 
tenance charges to obtain an expression for the total annual cost 
of the DSG power protection equipment for n DSGs to be: 

" SsGpp FCR + (OSMjp^I. 

For assumed values of 


n 

CDSGpp 

installpu 

FCR 

(O&M) p^, 

4 ($25,000) 


4 

$25,000 
0 . 8 
0.20 
0.05 

(1.8 X 0.20 + 0.05) 


$41,000/yr 


The sum of these three additional items of annual costs for 
the four DSGs that are being considered in this example for NMPC 
is then 


Cost DDC control + monitoring equipment 

Cost DDC-DSG communications 

Cost DSG power protection equipment 

TOTAL 


$32 ,800/yr 
12 ,00 0/yr 
41,000/ yr 
$85,800/yr 
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Figure D6.7--1. DDC Interface with DSGs 





With those annual cost charges being liquidated over a year 
in which 20,000 kW were produced for 0.8 x 8760 hrs, this means 
the cost per kWh amounts to 

20,000^x 6.8 °x 8760 $0.001/kWh 

Comparing this very modest cost for additional equipment to 
the cost of approximately $0.077/kWh for the four DSGs described 
in Section D6.5, one notes that the DSG costs are appreciably 
greater than those for monitoring and control. 

An added source of benefits that may occur through the use of 
DSG is that brought about by a deferral of a major capital invest- 
ment such as a new substation. The equipment cost involved may be 
of the order of magnitude of 1 million dollars for a period of time 
of the order of two to four years. 

If it is not necessary to make an investment, annual costs of 
the investment can be saved for as long as the investment is not 
actually made. For the cases where the cost analyses are carried 
out to infinity, there is no need to consider the cost of replace- 
ments or the end of equipment life. If the investment can be de- 
ferred d years, the annual charges do not occur in those d years. 
Depending on the rate of interest, r, and inflation, i, where the 
difference r-i=A, the present value, PV, of the savings due to a 
deferral of charges from the first to the dth year is 

PV,.C) = c i: 
d j = l 

where C is the annual fixed cost for the investment. 


In the case of NMPC, suppose it were possible to defer for a 
period of two years a proposed substation at "B" Road that is in 
the vicinity of the Pine Grove substation. The "B" Road substation 
was estimated in 1978 to cost $675,000, including installation, and 
its usefulness was considered to be infinite. With an annual fixed 
charge rate of 20% the $675,000 deferred investment corresponds to 
an annual savings, Sa, which amounts to 


Sa = $675,000 x 0.20 = $135,0C0/yr 

For two years' deferral and A=0.04, the deferral factor is 
1.89 times the annual cost: savings. Thus the present value of the 
savings by deferral of the investment for two years is 


PV 


substation deferral 


$135,000 X 1.89 = $255,200 


This sum of $255,200 that would be saved by deferring the in- 
vestment for the substation can be used to reduce the annual charges 
to the customer. For an interest rate of 10% and a 30-year life 
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this will amount to 0.106 x $255,200 = $27,046 annually. This an- 
nual savings due to the 2-year deferral of the substation amounts 
to a benefit of approximately the same order of magnitude as the 
annual costs for the DDC charges for the 3 substations. 

It should be noted that the benefits for the substation de- 
ferral are not , in this case, being attributed to the presence of 
a DSG. The calculations were performed merely to provide an in- 
dication of the order of magnitude of the benefits that might be 
derived from an investment deferral. 

D6.8 DISCUSSION OF DSG COST BENEFITS APPLIED TO NIAGARA MOHAWK 
COMPOSITE 

The above consideration of DSG costs and benefits applied to 
the Niagara Mohawk Composite provides an interesting insight into 
the relative magnitudes, and therefore importance, of the several 
components of costs and benefits involved. I’owever, it should be 
emphasized that the preceding analysis has been rather brief and 
certainly warrants a more thorough treatment for any specific pro- 
posed DSG installation. From these data, however,, the following 
observations were made: 

• Assuming that there is more than one DSG technology that 
might be used by a distribution network, the DSG having 
the lowest dollars/kw capital cost and at the same time 
a high-capacity factor, i.e., available energy/nameplate 
energy, should be utilized. This results from the fact 
that the capital cost for many DSG technologies' equip- 
ment may be considerably higher than the cost of the 
fuel energy required. 

• In the assumed case of hydrogeneration, for example, even 
with a zero energy cost, the cost of electrical genera- 
tion, because of higher priced generation equipment and 
facilities, can be greater than the cost of generation 

by existing conventional means. 

• Comparing the cost of DDC + DSG monitoring and control 
equipment to the cost of the DSG power generation equip- 
ment, the monitoring and control appear to be in the 
range of 3-5% of the other DSG costs. Because the cost 
of equipment to handle the DDC and DSG monitoring and 
control requirements is not likely to change with dif- 
ferent DSGs as much as is the cost of the DSGs, changes 

in the costs for DSG monitoring and control are not likely 
to be critical in affecting the overall cost of the com- 
bined DSG and DDC systems. 

• The benefits associated with deferring investment costs, 
for the range of values that were considered, do not 
appear to be large in comparison to the total costs of 
generation equipment, installation, and operations and 
maintenance. 
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• There are doubtless other benefits that may occur in the 
generation and transmission portions of the utility sys- 
tem that could represent significant amounts of money 
that have not been included in this analysis. More ef- 
ficient use of the generators may bo possible by more 
favorable settings of the steam valves. With more power 
generated within the distribution networks, there may be 
an appreciable reduction in transmission losses. 

• The preceding cost-benefit calculations should not bo 
considered as a basis for judging whether DSGs are or 
will be a financially attractive investment. They should 
be considered primarily as a way of indicating that the 
control and monitoring costs may in fact be a small part 
of much greater costs associated with the DSG and of po- 
tential benefits that may be achieved elsewhere in the 
utility system. 
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Section D7 


CONCLUSIONS 

The following conclusions have been dravm: 

• Cost-benefit conside’"ations are very important in the 
establishment of DSG technologies as a significant ele- 
ment in the generation of electric power at the level of 
the distribution network. As such, it is essential that 
standa»*di 2 ed methods be established for performing cost- 
benefit calculations and evaluating the acceptability of 
any particular DSG technology application. 

• Because there should be much in common between the eval- 
uation methods used for the DSG technologies and those 
used for alternative generation means, each utility will 
be inclined to use its own methods. Nevertheless, there 
are certain generalized approaches that seem to lend them- 
selves to simplified evaluation methods. 


One approach is the annual cost method that contributes 
to a determination of the cost per kwh for the assumed 
annual loading of the DSG on a daily, weekly, and monthly 
basis. Capital costs and operating and maintenance costs 
(including the cost of energy) are included and are based 
on the local conditions pertinent to the particular 
electric utility for a time period of 10 to 20 years. 

Another approach is built around the present worth con- 
cept and emphasizes the magnitude of the various capital 
equipment items, interest and inflation rates, operating 
and maintenance costs, and energy escalation rates, as 
well as other electric utility generator and customer 
loading changes. 

As a refinement of each of these methods of calculation, 
it may be essential to include the time of day and the 
time of year availability characteristics of the partic- 
ular DSGs and loads. This would reflect more correctly 
the proper costs and benefits involved. 

• Since there are many causes for uncertainty in the 
parameters and quantities that are used in these calcu- 
lations, it is desirable that simpler, approximate methods 
for evaluation be used initially to identify those DSG 
technologies more likely to be used; their size, number, 
and location; and other factors so that the number of 
complete and detailed calculations can be held to a re- 
sonable value. There is little reason to determine pre- 
cisely how poor an unacceptable solution is. 

• A key factor in being able to perform cost-benefit eval- 
uations is a knowledge of the costs and performance of 
the electric utility system consisting of generation, 
transmission, and distribution with and without varying 
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amounts of DSG for different times of day, week, and 
year. An alternative to the use of each DSG is to use 
none at all. As such, it is highly essential that the 
data showing the equivalent power generation rate prices 
as shown on Table D6.3-1 be available for developing com- 
parable alternative cost figures. 

• In addition to the uncertainties associated with the de- 
cisions that must be made initially in the selection of 
the most suitable DSG and the location and sizing of it, 
there are uncertainties in the daily scheduling and cur- 
rent operating decisions that may have some influence 
on the cost and benefits that may be realized in the 
actual operation of a DSG. In the cost-benefit consid- 
erations described above there has been little concern 
with such scheduling and current operating benefits . 
However, it appears like ly that there are added benefits 
that are to be gained in these areas. 
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Appendix Dl 

OBSERVATIONS ON COST-BENEFIT ANALYSIS METHODS 


In the final analysis each electric utility will evaluate 
the financial attractiveness of DSG alternatives by economic means 
related to the methods that they use to evaluate other economic 
questions. It is not the intent of this cost-benefit analysis to 
present an exhaustive economic study of various ways of perform- 
ing such evaluations, but rather it is intended that the cost- 
benefit analysis provide a rough yardstick to help in the relative 
economic evaluation of alternative DSG technologies when used in 
different distribution networks for a number of different electric 
utilities . 

Because relative costs and benefits can be either positive 
or negative, the term cost-benefit is considered positive when a 
favorable result is obtained (net benefits exceed net costs) , and 
negative when an unfavorable result is produced (net costs exceed 
not benefits) . Also, when referring to a benefit/cost ratio this 
ratio will bo considered favorable when benefits/cost exceeds 1.0 
and will be considered unfavorable when benefits/costs are less 
than 1.0. 

Several different methods exist for analyzing costs and bene- 
fits, and it is often worthwhile before making a final economic 
decision to consider the results from more than one of these 
methods . 

One way of analyzing cost-benefit emphasizes the comparison 
of the costs and benefits of producing electricity in an alterna- 
tive way expressed in terms of dollars/kWh or in dollars per year 
for a given kW load to the customer, with the comparable costs 
and benefits of producing electricity using existing or presently 
planned methods. This approach emphasizes the economic impact 
of the cost of electricity on the customer and includes capital 
and operating cost and benefit elements with their associated 
annual values. Thus, 

Cost-and-Benef it Comparison = (net cost and benefits for given 
(Annual Cost) amount of electricity to customer 

per year for alternative method) 

- (net cost and benefits for a 
given amount of electricity to 
customer per year for existing 
method) 

Another way of analyzing cost and benefits emphasizes the com- 
parison of the present worth value of all the costs and benefits of 
the alternative method for delivering a given kW load to the cus- 
tomer over a defined time period (in years) v/ith the present worth 
value of all the costs and benefits of the existing methods for 
delivering the same kW load to the customer as in the preceding 




DI-1 


eaoc. This approach highlights tho costs to the utility to pro- 
duce the desired electrical service and takes into account the 
capital and operating cost and benefit elements noting the time 
when they occur and tho interest and inflation rates associated 
with them. 


Thus, 

= (Present Worth of costs and bene- 
fits to utility over total time 
period involved for alternative 
DSG technology to produce compare 
ble service to customer) 

- (Present Worth of cost and bene- 
fits to utility over total time 
period involved for existing 
utility operation methods to pro- 
duce comparable service to cus- 
tomer) 

The two methods of cost-and-benof it comparison noted above can 
also be expressed as a benefit/cost ratio. 


Cost-and-Benefit Comparison 
(Present Worth) 


Thus , 


(net cost and benefits for a 
given amount of electricity to 
customer per year for alterna- 
tive method) 

Cost-and-Benefit Comparison = 

(Annual Cost) (net cost and benefits for same 

given amount of electricity to 
customer per year for existing 
method) 

and 

(Present Worth of costs and 
benefits to utility over total 
time period involved for alterna- 
tive DSG technoloty to produce 
comparable service to customer) 

Cost-and-Benefit Comparison = 

(Present Worth) (Present Worth of costs and bene- 

fits to utility over total time 
period involved to existing 
utility operation methods to 
produce comparable service to 
customer) 


When using the annual cost method, the contribution of capital 
cost to the cost of electricity is calculated by the following 
equation: 

ranif-al Coc:t = X 1000, 0.20 1 ^ 

capital cost x ^ yr ^ 8760xF hr = mils/kWh 


where = total dollars cost per kW of installed capacity. 

kW 
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The 0.20 figure is the annual wapital fixed-charge rate that 
is applied to the total capital cost to obtain the annual charge 
for the capital cost. It may bo different for different utilities; 
0.20 is just a representative value. This 0.2D rate includes 

• Interest return to bondholders 

• Equity return to the stockholders 

o Federal and state income taxes 

• Depreciation (based on the useful life for all nonexpend- 
able plant components) 

« Local property taxes 

• Insurance 

The F factor is the capacity factor that ranges from 1 to 0 and 
expresses the per-unit portion of the time that the generating 
equipment can be considered to be available to generate the rated 
power . 

Operating and maintenance costs are by their nature an annual 
cost, although over time they are affected by both inflation and 
interest rates. 

When using the present worth method, the capital costs are 
determined for the time when they occur and are annualized by 
means of the annual capital fixed-charge rate over the life of 
the equipment. The annual costs for both capital equipment as 
well as the operating and maintenance charges (including fuel) 
are then discounted to take into account the inflation and interest 
rates over the equipment life. 

In the calculations performed in the body of the report, the 
emphasis was on providing an "order of magnitude" estimate of the 
costs and benefits involved rather than an exact computation that 
would be required to evaluate each particular DSG technology. 
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